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[Name of Document] 



Specification 



[Title of the Invention] 

A method for fabrioating a imiLtl-flher 

pol ar1 7.at1 rgi-malntalnlng fiber assenbly and an a^iparatus 

for fabrioating nultl-f Iber po 1 arl zat 1 on-malntalnlng 

fiber assentdy 

[Claims] 

1. A meth od of fahrlca ting a multi- fiber 
polarizatlon-inaintaining fiber assembly ocxiprlsing: 



(1) a cover removal 


step 


for removing 


covers a 


few 


centimeters at one 


end 


from 


a 


plural it y 


of 


polarizatian-maintainlng 


fiber 


cables 


with 


difference 


of 



a few milUmeters; 

(2) an assembly step for insertl ng the 
polarlzation-itBintaining fiber cables into an insertion 

hole of a holder tube, holding them integ rally with their 
e:^)Osed fiber par tions arranged abreast at paxfximal end, 
and sealing the leading end of the insertion holes of the 
holder tube with a thermosetting resin which is relat ively 
hi^ in the viscosity; 

(3) an adhes ive filling step for filling the inner 
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space of a nultl-fiber ferrule with a thermosetting 



resin 



vhich is relative low in the visoosity; 

(4) an fiber cable insertion step for inserting the 

polarization-maintaining fiber cables assenhled integ ral 

with the holder tube into the inner space of the nulti-fiber 
ferrule, and inse rting their e:q)os ed fiber portions into 

corresponding fiber holes of the nulti-fiber ferrule; 

(5) an orientation adjustment step for, vhile danping 

the nulti-fiber ferrule with a clanping jig not to be turned, 
rotating each of the polarization-maintaining fiber cables 

to determine its orientation; and 

(6) an adhesive curing step for heating rp the 

nulti-fiber ferrule remaining clanped ty the danping jig 
to cure the thermosetting resins. 

2. An ^pa ratus for fabri eating a nulti- fiber 

polarization-maintaining fiber assenbly cenprising; 

a danping jig and an orlentat ion adjusting unit, the 
d aiming jig indu ding a ferrule da nping means for d anping 

a nulti-fiber fer rule so as not to be rotated and an fiber 

cable danping means for danping polarization-nointainlng 
fiber cables so as to be rotated, the orientation adj usting 



2 




vmlt including an imaging means for imaging a leadi ng end 



of the polarizati on-maintaining fiber cables held in the 
nulti-flher ferrule clarnped hy the clamping jig, an image 
processing means for identifying the orientation of each 
of the polarizati on-naintaining fiber cables based on each 

image of the lead ing end of the pol ari zatlon-maintai ning 
fiber cables, and an orientation adjustment controlling 
means for controUably driving the fiber cable clamping 
means to axially ro tate each of the po larization-maintaining 
fiber cables for autcnatically adjusting the orientation 

of each of the polarization-rralntainlng fiber cables. 

3. An ratus for fahri eating a multi- fiber 

polarization-rtHintaining fiber assentoly according to claim 

2, vherein the orientation adjustment controlling means 

is arranged to axially rotate the polarization-maintaining 
fiber cables and when a stabilizati on time has been passed, 
chedc the orientation. 

4. An ^paratus for fabricating a multi-fiber 

polarization-maintaining fiber assembly according to claim 

2 or 3, vherein the clanping jig includes a heating means 
for heating ip the multi-fiber ferrule clanped by the ferrule 
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clanping means, and the orientation adjusting unit includes 



a heat controlling means for controUably driving the heating, 
after the orlentatiai adjustment, to heat and cure the 
thermosetting resins. 

[Detailed Description of the Invention] 

[ 0001 ] 

[Field related to the Invention] 

The present invention rela tes to a metho d for 
fabricating a multi-fiber polarization-maintaining fibe r 

assenPly and an apparatus for fabr icating a nulti-f Ibe r 
polarization-naintaining fiber asseni>ly, and particularly 

to a method and an ^paratus for easily fabricating a 
multi-fiber polarization-maintaining fiber assembly which 

has a plurality of polarization-naintaining fiber cables 

assembled integ rally by a multi-fiber ferrule. 

[ 0002 ] 

[Prior Art] 

A tvro-fiber polarization-maintaining fiber asse ntol y 

having two polarization-maintaining optical fiber cables 

assembled integ rally by a tsro-fiber ferrule is fabricate d 
in a conventional manner vAiich ccnprises the steps of: 
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(1) removing oovers a few centi meters from the leading 
end of each of the two polarlza tlon-maintatnlng fiber 
cables; 

(2) filling a thermosetting resin in an inner space 
of the two-fiber ferrule; 

(3) inserting the two polarization-maintaining fiber 

c^les into the inner sfpace of the two-fiber ferml e and 
Inserting their e;^sed fiber portions into correspOTiding 
fiber holes of the two-fiber ferrule; 

(4) clamping the two-fiber ferrule so as not to be 

rotated and axially rotating each of the 

polarization-maintaining fiber cables to determine the 

orientation of the polarization-maintaining fiber cables; 

(5) heating v?) the two-fiber ferrule to cure the 
thermosetting resin. 

[0003] 

[Problems that the Invention is to solve] 

Ifowesver, the conventional me thod for fabrica ting a 
two-fiber polarization-maintaining fiber assenhly has the 

foUcwing disadvantages. 

(1) Ihe step of Inserting the eaqxssed fiber par tions 



5 




of the polarlaatian-nedntaiiiing fiber cables into the 

oorrespcoiding fiber holes of the tvro-fiber ferxvile is 
troublescme. 

( 2 ) Ihe step of ad jiisting the orientaticHi of ea ch of 

the polarization-maintaining fiber cables is troublesome. 

(3) The step of curing the thermosetting resin is 
troublesome. 

[0004] 

It is thus an object of the present invention to provide 
a method and an apparatus for fabr icating with much ease 
a multi-fiber polarization-maintciining fiber assenhly 
vdiich has a plurality of polarization-maintaining fiber 
cables assembled integ rally by a multi-fiber ferrule. 

[0005] 

[Means for solving the Problems] 

As a first feature of the pres ent invention, a method 
of fabricating a multi-fiber pol arlzation-iTBintcLining 
fiber assenhly is provided ccrprising: (1) a cover removal 

step for removing covers a few centimeters at one end from 
a plurality of polarization-maintaining fiber cables with 

difference of a few millimeters; (2) an assenhly step for 
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Inserting the polarlzatlan-maintalnlng fiber cables into 

corresponding inserticoi boles of a bolder tube, bolding 
them integ rally with their exposed fiber portions arranged 
abreast at proodmal end. and sealing the leading end of 
the insertion bol es of the holder tube with a thermos etting 
resin vbicb is relatively hi^ in the viscosity; (3) an 
adhesive filling step for -Filling an inner space of a 
nulti-fiber femiLe wi-th a thermosetting resin which is 
relatively low in the viscosity; (4) a fiber cable inse rtion 
step for inserting -the polarization-neintaining fiber 
cables assembled integ ral with the holder tube int o the 
inner space of the nulti-fiber ferrule, and inserting their 
e:^sed fiber por tions into corres ponding fiber hoi es of 
the nulti-fiber ferrule; (5) an orientation adjustment 
step for, vbile clanping the nulti-fiber ferrule with a 
clanping jig not to be rotated, rotating each of the 
polarizatlon-naintal ning fiber Ccbles to determine its 
orientation; and (6) an adhesive curing step for heating 
rp -the nul-ti-fiber ferrule renuining clanped by the clanping 
jig to cure the thermosetting resins. 

[0006] 
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nie method of fabricating a nultl-flber 

polarization-maintaining fiber assembly of the first 

feature of the pre sent invention has following advan tages. 

(1) Ihe holde r tube holds the polarization-maintaining 

fiber c^les , thus the process for inserting the 

polarization-maintaining fiber cables into the inner space 

of the multi-fiber ferrule is eased. 

(2) As the covers are removed a few centimeters at 
one end from the polarization-maintaining fiber cables 

with difference of a few mill imete rs and the holder tube 

holds the polarization-maintaining fiber cables integ rally 

with their eaqxosed fiber portions arranged abreast at 
proodnal end, a difference of a few millimeters is occurred 
at a leading ends of the polarization-maintaining fiber 
cables held integ rally by the holder tube. By this difference 
of the leading ends, the process for Inserting the caused 
fiber portions of the polarization-maintaining fiber cables 

into the corresponding fiber holes of the multi-fiber femile 
is eased. 

(3) The ther mosetting resin which is relativel y low 
in the viscosity is filled in the inner space of the 
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miilti-fiber ferrule, thus the thermosetting resin hctrdLy 

disturbs the Insertion of the eaqx^sed fiber portions of 
the polarization-maintaining fiber cables into the 
corresponding fiber holes. 

(4) The leading end of the insertion holes of the holder 
tube is sealed with the thermos etting resin whi ch is 
relatively hicfi in the viscosity, thus the thermose tting 
resin vdiich is rel atively lew in the viscosity is inhi bited 
from being absorb ed into the inser tion hole of the holder 
tube. 

(5) The clanping jig is used for adjustin g the 

orientation of each polarization-naintaining filer cable, 

thus contributing to the ease of the operation. 

(6) Ihe thermosetting resin is heated in con diticoi 
with the multi-fiber ferrule secured by the clanping jig, 
thus easing the operation. 

[0007] 

As a second feature of the present invention, an 
^paratus for fabricating a multi-fiber 
polarization-maintaining fiber assembly is provided 
ooiprlsing a clanping jig and an orientation adji^sting 
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\mlt, the clamping jig including a femile clamping means 



for clanplng a multi-fiber ferrule so as not to be rotated 
and a fiber cable clanping means for clanping 

polarization-maintaining fiber cab les so as to be rot ated, 

the orientation adjusting unit including an imaging means 
for imaging a leading end of the polarization-maintaining 
fiber cables clanped ty the clanping jig, an image processing 
means for identifying each orientation of the 

polarization-nsintaining fiber cebles based on the images 

of the leading end of the polariza tian-maintaining fiber 
cables, and an orientation adjvistment controlling means 
for controllably driving the fiber cable clanplng means 
to axially rotate eacii of the polarization-maintaining 
fiber cables for autonatical 1y adjusting the orientation 
of the polarization-maintaining fiber cables. 

Using the epparatus for fabricating a multi-fiber 
polarization-mciintcLining fiber assembly of the second 
feature of the present invention, the method of fabricating 
a nulti-fiber polarization-maintaining fiber assembly of 

the first feature of the present invention can favo rably 
be inplemented. In particular, the orientation of each 
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polarlzatlon-nBintalJiing fiber c^le is autcnatically 



adjusted and a duration regiiired for its action can 
significantly be shorter than that of the manual pper ation 
by an operator. 

[ 0008 ] 

As a third feature of the present invention, the 
apparatus for fabricating a raulti-fiber 
polarization-maintaining fiber assembly is provided in 
v^ch the orientation adjiastment controlling means is 
arranged to axially rotate the polarizaticxi-naintatnlng 
fiber cables and when a stabilizati on time has been passed, 
check the orientation. 

A length of the stabilization time itey preferab ly be 
3 to 30 seconds. 

Ihere are adverse factors including the viscosity of 
the thermosetting resin and the twist and return of the 
polarization-maintaining fiber cables . When the 

polarization-maintaining fiber cable is rotated and then 

stopped, its rot ating movement may cease not ins tantly 
but after a delay. 

Using the ^paratus for fabr Icating a multi- fiber 
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polarization-maintaining fiber assembly of the third 

feature of the present invention, the method of fabricating 
a irulti-flber polarizaticai-maintal.ning fiber assembly of 

the first feature of the present invention can favo rably 
be inplemented. In particular. as the 

polarization-maintaining fiber cables are axially rotated 

and viben the st ^ilization time has been passe d, it s 
orientation is checked. As a res ult, the adjustm ent of 
the orientation can be carried out accounting for directional 
discrepancies of the polarization-maintai ning fiber cables 

caused vd.th a delay due to the viscosity of the thermosetting 
resin after the axial, rotation is stopped. 

[ 0009 ] 

As a fourth feature of the present inventi on, an 

^jparatus for fabricating a nulti-fiber 

polarization-maintcLijnlng fiber assenbly is provided in 

vdilch the clarrpin g jig includes a heating means for heating 
the multi-fibe r ferrule claitped by the ferrule clanping 
means, and the orientatlcxi adjusting unit includes a heat 

controlling means for oontroUably driving the heating, 
after the orient ation adjustment , to heat and cu re the 
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thezmosetting resins. 



Using the cqpparatus for fabricating a irultl-flber 
polarization-maintaining fiber assenbly of the fourth 
feature of the present invention, the method of fabricating 
a nultl-flber polarization-maintaining fiber assembly of 

the first feature of the present Invention can favo rably 
be inplemented. In particular, the thermosetting resin 

Is autaratlcally heated and cured after the autcnatlc 
adjustment on the orientation of the 

polarization-maintaining fiber cables and a time required 

for the heating and curing can significantly be shorter 
than that of the manual operation ty the operator. 

[ 0010 ] 

[Detailed Description of the Preferred Brbodlments] 

The present Invention will be described In more detail 
In the form of sene preferred embodiments referring to 
Ihe relevant drawings. It is understood that the present 
Invention Is not limited to the embodiments. 

Fig. 1 Is a flowchart shewing a method of fabri eating 
a two-fiber polarizatian-maintaining fiber assentoly of 

one enhodlment of the present invention. 
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[ 0011 ] 



In step PI, a cxjver removal step is carried out. 

As sihown in Fig. 2, a cover 11b of, for exam pie, 5 



cm long is removed 


fron 


one 


end 


of a 


first 


polarization-maintaining 


fiber 


cable 


11 to 


expose 


a first 


polarization-maintaining 


fiber 


11a. 


Ihe 


leading 


end of 



the first pol ari zation-malntaining fiber 11a is cut 

vertically. 

Similarly, a cover 12b of, for exanple, 4,5 on long 
is removed frcm on e end of a second po larization-naintaining 
fiber cable 12 to eaqxjse a second po larlzation-nBintaining 
fiber 12a. The leading end of the second 
polarization-maintaining fiber 12a is cut vertically. 

Accordingly, a difference in the length betv«ee n the 
two e^^osed fiber portions 11c and 12c is, for example, 

5 mm. 

[ 0012 ] 

In step P2, an assenbly step is carried out. 

As shown in Fig. 3, the first polarization-maintaining 
fiber cable 11 and the second polarization-mciintaining 
fiber cable 12 are inserted and held integrally in inse rtion 
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holes 10a and 11b of a holder tube 10 made of nylon respectively 



with their proxiiial ends lid and 12d of the e}^)osed fiber 
portions 11c and 12c arranged abreast. As a result, the 
leading end lie of the first pol ari zation-niaintai ning fiber 

cable 11 extends 5 mn frcm the leading end 12e of the second 
polarization-naintaining fiber cable 12. Fig. 3(a) is 

a view seen from the leading end and Fig. 3(b) is a view 

seen from one side. 

Then, the two insertion holes 10a and 10b are filled 

i:p at the leading end with a thermosetting resin 4A vghich 
has a relatively hic^ viscosity as shewn in Fig. 4. The 
thermosetting resin 4A may be "Hig h-super" . a produ ct of 
Cemedine oo. , ltd . , having a viscosity of 38000 cps. Also, 
Fig. 4(a) is a view seen from the leading end and Fig. 

4(b) is a view seen from one side. 

[ 0013 ] 

In step P3, an adhesive fillin g st^ is carried out. 

As shown in Fig. 5, a thermosetting resin 4B vhich 
has a relative low viscosity is injected into the inner 
space la of a two-fiber ferrule 1 v^ch oonprlses a stainless 
steel tube 2 and a ceramic block 3 fixedly mounted to the 
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leading end of the stciinless steel tube 2. Ihe thennos ettlng 



resin 4B may be "3BND", a product of Epooy tec±inology Inc., 
having a viscosity of 2000 cps. Sinultaneously, when a 

first fiber hole 3 1 and a second fib er hole 32 are vac uimed 
by the action of a vaaun puip, they are easily filled 
tp with the thermosetting resin 4B. 

[0014] 

In step P4, a fiber cable insertion step is carried 

out. 

As shewn in Fig. 6, the two polarization-nBontaining 
fiber cables 11 and 12 assentoled by the holder tube 10 
are inserted into the inner space la of the two-fiber ferrule 

1 filled with the second thermosetting resin 4B. More 

particularly, the leading end lie of the first 

polarization-naintaining fiber cable 11 is firstly Inserted 

into the first fiber hole 31. Ihe n, the leading end 12e 
of the second pol arization-maintaining fiber cable 12 is 

inserted into the second fiber hole 32 as shewn in Fig. 

7 . Finally, the two polarizaticHi-maintaining fibers 11a 

and 12a are Inserted into the corresponding fiber holes 

31 and 32 until the leading ends lie and 12e extend out. 
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as shCMi in Fig. 8. 



^Ihen, the second thermosetting resin 4B stained to 
the first polarl^atlan-maintcuxiing fiber leading end lie 

and the second polarization-maintaining fiber leading end 

12e is removed off. 

[ 0015 ] 

In step P5, an orientation adjustm^t step is carried 

out. 

As shewn in Fig . 9, a two-fiber pol arlzation-maintaining 
fiber assentoly fabricating ^paratus 300 comprises a 
clanping jig 100 and an orientation adjusting unit 200. 

The clanping jig 100 has a ferrule holder 103 provided 
for clanping the two-fiber ferrule 1. Ihe two-fiber ferrule 
1 is clanped between upper plate and lower plate so as 
not to be rotated . An illunination light 106 is pr ovided 
for lUuninatlng the covers 11b and 12b of the 

polarizatlon-naintaining fiber cables 11 and 12 at a position 

just before inserted into the two-fiber ferrule 1. 

[ 0016 ] 

Ihe clanping jig 100 has a couple of fiber cable clanps 
101 and 102 provided for clanping the first 
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polarlzatlon-nialntai ning fiber Cc±>le 11 and the second 

polarizatlpn-nBintainlng fiber cable 12 respectively. 

Each of the two polari2ation-itiainta.1nlng fiber cabl es 11 

and 12 is clanped between t^iper and lower rolls. As the 
lower rolls are driven by servo motors 101m and 102m, the 
polarization-maintaining fiber c^ les 11 and 12 can rotate 

about their axes respectively. 

[ 0017 ] 

This is follow ed by actuating th e orientation adju sting 
unit 200. 

Fig. 10 is a flcwchart showing the action of the 

orientation adjusting unit 200. 

The action starts with St^ Q1 for driving a processor 
203 to focus a microsoope 201 on the leading end lie of 
the first polarization-maintaining fiber cable 11 vhioh 
projects out from the two-fiber ferrule 1. An image of 

the leading end lie taken fay the microsoope 201 is displayed 
on one half of the screen of a display 202 as shown in 
Fig. 11. 

Step Q2 foil cws viiere the image is analyzed by the 

processor 203 to identify stressed portions Ilf, Ilf of 
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the leading end lie of the first polarization-maintaining 
fiber cable 11. Tbe tvro stressed portions Ilf, Ilf are 

narked with a first pattern PI and a second pattern P2 

respectively of a square shape as shewn in Fig. 12. 

[ 0018 ] 

In Step Q3, the processor 203 drives the micax) scope 

201 to focus on the leading end 12e of the second 
polarization-maintaining fiber cable 12 vhich projects 
out from the tvgo-f iber ferrule 1. The image of the leading 
end 12e of the sec ond polarization-maintaining fiber cable 

12 taken by the microscope 201 is displayed on the other 
half of the screen of the display 202 as shown in Fig. 

13. 

In St^ Q4 , the processor 203 analyzes the image to 

identify stressed portions 12f , 12f of the leading end 
12e of the second polarization-maintaining fiber cable 
12. Ihe stressed portions 12f, 12f are marked with a third 

pattern P3 and a fourth pattern P4 of a square shape as 
shewn in Fig. 14. 

[ 0019 ] 

In Step Q5, the processor 203 determines a first 
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refexenoe line LI extending between the center of the first 



pattern PI and the center of the sec ond pattern P2 as shcmn 
in Fig. 15. Also, a seccsid reference line L2 extending 

between the center of the third pattern P3 and the CMiter 

of the fourth pattern P4 is determined. Mareover, a third 
reference line L3 extending between the center of the first 
reference line LI and the c^ter of the second refe rence 
line L2 is determined. 

[ 0020 ] 

In Step 06, the processor 203 calculates a first angle 
01 of the third reference line L3 turned clockwisely frcm 
the first referen ce line LI and a second angle 62 of the 
third reference line L3 turned cloc kwlsely from the second 
reference line L2 as shown in Fig. 16. 

In St^ Q7, the processor 203 examines vd:iBther or not 
a first angle dif ference (0 l-i|) 1) between the first angle 
01 and a first target angle ^[ll prede termined by an operator 
stays within a permissive range. Also, it is examined 

vhether or not a second angle diff erence (6 2-ri>2) between 
the second angle 02 and a second target angle i\)2 predeter mined 
by the operator stays within the permissive range. When 
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both the first and second angle differences (6 l-\p 1) and 

(02-rp2) are with! n the range, the procedure jumps to Step 
Qll. If not, the procedure goes to Step Q8. 

[ 0021 ] 

In Step C38, the processor 203 calculates the rotating 

angles <t> 1 and 4> 2 of the two servo motors 101m and 102m 
so that both the first angle difference (0 1-ap 1) and the 

second angle difference (0 2-'4» 2) stay in the range. 

In Step Q9, the processor 203 drives the servo motors 

101m and 102m via a motor controller 204 to rotate throu^ 
the angles <i> 1 and <t> 2 respectively. 

[ 0022 ] 

In Step QIO, the processor 203 stands until a specific 
length of time (e. g. six seconds) for stabilization passes 
and its procedure returns back to Step Q6. Ihis 

stabilization time allcws the polarization-maintaining 
fiber cables 11 and 12 to be subjected to the angular 
adjustment considering angular err ors due to the vis cosity 
of the thermosett Ing resin after the action of the servo 
motors 101m and 102m is stepped. Ihe angular e r rors can 
quickly be corrected to stay within the permissive range. 
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as cxitpared witli the adjustment without the stabilization 



time. 

Assuming that the first target angle ip 1 is 90 deg rees 
and the second target angle ip2 is zero deg ree, the leading 
ends lie and 12e of the polariza tion-maintaining fiber 
cables 11 and 12 can be orientated as shown in Fig. 17. 

[ 0023 ] 

In Step Qll, the processor 203 stands by until a specific 
length of time (e. g. thirty seconds) for confirmation passes 

before its procedure goes to St^ Q12. Because of the 

confonmtion time, it can be judged that both the first 
angle difference (6l-ip 1) and the second angle diffe rence 
(0 2-ip 2) stay in the permissive range even if the procedure 
skips Steps Q8 to QIO as the first angle difference (6l-ip 1) 
and the second angle difference (0 2-ip2) accidentall y fall 
in the permissive range. 

[ 0024 ] 

In St^ Q12. the processor 20 3 calculates the first 

angle 0 1 and the second angle 0 2. 

In Step Q13, the procedure of the processor 203 advances 
to Step Q14 vhen both the first angle difference (01-ipl) 
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and the second angle difference (62-\p 2) stay in the 



permissive range and if not, returns back to Step S8. 

[ 0025 ] 

In Steps Q14 to Q16, the processor 203 drives a heater 
controller 205 to energize a heate r 105 vtfrLLe monit oring 
a tenperature sensor 104 for heating and curing the 
thermosetting resins 4A and 4B and then switches the heater 
105 off. 

Ihe heater 105 nay be operated in a range of conditions 
from at 60 to at 80 °C and from for one hour to for two 

hours. When the heating is lower than 60 °C and shorter 

than one hour, the curing effect will be declined. When 

the heating is hi^ier than 80 °C and longer than two hours, 
the fiber Ccdbles 11 and 12 may be aff ected in the prppe rties. 

[ 0026 ] 

After Step Q16, the two-fiber ferrule 1 with the two 
polarization-maintaining fiber cables 11 and 12 are removed 

from the clanping jig 100 and the lea ding end of the two -fiber 
ferrule 1 is polished. 

[ 0027 ] 

Fig. 18 is a schene.tic view shewing the leading end 



23 




of . a syirmstrlcal two-fiber polarization-nvaintciLning fiber 

assenibly 501 fabricated at ip 1=90° and ip 2=0° . 

• Fig. 19 is a scharatic view showing the leading end 

of a symnetrical two-fiber polarization-maintaining fiber 

assentoly 502 fabricated at ip 1=0° and ip 2=0° . 

Fig. 20 is a schematic view shewing the leading end 

of a symnetrical two-fiber polarization-maintaining fiber 

assembly 503 fabricated at ip 1=90° and ip 2=90° . 

Fig. 21 is a schematic view shewing the leading end 

of an asymnetrical two-fiber polarization-maintaining 
fiber assembly 504 fabricated at ip 1=90° and ip 2=0° . 

Fig. 22 is a schematic view shewing the leading aid 

of an asymmetrical two-fiber polarization-maintaining 
fiber assembly 505 fabricated at ip 1=0° and ip 2=0° . 

Fig. 23 is a schenatic view shewing the leading end 

of an asymnetrical two-fiber polarization-maintaining 
fiber assembly 506 fabricated at ip 1=90° and ip 2=90° . 

Fig. 24 is a schematic view shewing the leading end 

of an asymnetrical two-fiber polarization-maintaining 
fiber assembly 507 fabricated at ip 1=0° and ip 2=90° . 

[0028] 
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While the ptre sent invention is descaribed in the form 



of a method and an apparatus for fabricating the two-fiber 
polarization-nBintaining fiber assembly, it may equally 
be ^plied to a method and an apparatus for fabricating 
a three or more fibers polarization-maintaining fiber 
assembly. 

Ihe above embodiments are based on but not limited 
to panda- type polarization-imintaining fibers and nay 
enploy other types of the polarizatiOTi-maintaining fiber 

with equal, success. 

[0029] 

[Advantage of the Invention] 

Ihe advantages of the method and the ^parat us for 
fabricating a nulti-fiber polarization-maintaining fiber 

assenbly has foUcwing advantages. 

(1) The process for inserting the 

polarization-maintaining fibers into the inner space of 

the iTulti-fiber ferrule is eased. 

(2) Ihe process for inserting the 

polarization-nBdLntaining fibers into the corresponding 

fiber holes of the multi-fiber ferrule is eased. 
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(3) The relat ively lew visoosi ty thermosetting 



resin 



hardly disturbs the insertion of the 

polarization-iTBintaining fibers into the corresponding 

fiber holes. 

(4) The relat ively lew visoosi ty thermosetting resin 

filled in the inner space of the itulti-fiber ferrule is 
inhibited f rem be ing absorbed into the insertion ho le of 

the holder tube sealing the leading end of the insertion 
hole with the relatively hic^ viscosity thermosetting resin . 

(5) The clanping jig is used for adjustin g the 

orientation of each polarization-maintaining filer cable, 

thus ccaitributing to the ease of the operation. 

(6) The thermosetting resin is heated in cx>n dition 
with the multi-fiber ferrule secured by the danping jig, 
thus easing the operation. 

[0030] 

Particularly, the advantage of the apparat us for 
fabricating a multi-fiber polarization-naintaining fiber 

assenhly acxx>rding to the present invention has foUewing 

advantages. 

( 7 ) The orientation of each polarization-maintaining 
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fiber cable is autcmatically ocaitrolled and a duration 

required for its action can significantly be shorter than 

that of the manual operation by an operator. 

(8) 'Hie adjus tment of the orie ntation is carrie d out 

accounting for directional discrepancies of the 

polarization-maintaining fiber cables caused with a delay 

after the action of driving the axial rotation is stopped. 

(9) Ihe ther mosetting resin is autonatically heated 

and cured after the autonatic adjustment on the orientation 
of the polarizatim-maintaining fiber cables and a dur ation 

required for the heating and curln g can significant ly be 
shorter than that of the nanual operation by the operator. 
[Brief description of the drawings] 

[Fig.l] 

A flowchart showing steps of a method of fabrica ting 
a two-fiber polarization-maintaining fiber assenibl y 

according to one embodiment of the present invention 

[Fig. 2] 

A schematic view of polariza tion-itainteiining fiber 
cables explaining a cover removal step in the enibod iment . 

[Fig.3] 
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An end view an d a side view of a holder tube illustr ating 



the first stage of an assortoly step in the embodiment 

[Fig.4] 

An end view an d a side view of a holder tiibe illustr ating 
the second stage of the assentoly step in the eirbodi ment. 

[Fig.5] 

A cross sectio nal view of a two-f iber ferrule e}^la ining 
an adhesive filling st^ in the enbodlment. 

[Fig.6] 

A cross sectional view of the two-fiber ferrule 
e3q>laining the first stage of a fiber cable insertion step 
in the enbodlment . 

[Fig.7] 

A cross sectional view of the two-fiber ferrule 
eaqjlaining the second stage of the fiber cable inse rtion 
step in the embodiment. 

[Fig.8] 

A cross sectional view of the two-fiber ferrule 
e3<plaining the third stage of the fiber cable insertion 
step in the embodiment. 

[Fig.9] 
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A scJianatic view of an apparatus for fabricating a 



two-fiber polarization-naintaining fiber asseitoly 
according to the paresent invention. 

[Fig. 10] 

A flowchart of the action of the apparatus for 
fabricating a two-fiber polarization-maintai ni ng fiber 
asseinbly according to the present invention. 

[Fig.ll] 

A schematic view shewing an image of the leadin g end 

of a first polarization-inaintaining fiber. 

[Fig.l2] 

An e:q>lanatory view shewing an image of st ressed 
portions at the leading end of the first 

polarization-maintaining fiber. 

[Fig. 13] 

A schematic view shewing an image of the leadin g end 

of a second polarization-itaintaining fiber. 

[Fig. 14] 



An 


explanatory 


view showing an 


image 


of 


St ressed 


portions 


at the 


leading end 


of 


the 


second 



polarization-nBintaining fiber. 
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[Fig.15] 



An ejqjlanatory view shewing the determination of a 
reference line for orientation adjustment of the 

polarization-maintaining fiber cables. 

[Fig. 16] 

An explanatory view showing an angle between the two 
reference lines fca: orientation adjustment of the 

polarization-maintaining fiber cables. 

[Fig.l7] 

A schematic view shewing an inage of the 
polarization -maintaining fiber cables after the 

orientation adjustment. 

[Fig.18] 

A schematic view showing the leading end of a first 
exanple of a syrmetrical two-fiber 

polarization-maintaining fiber assenhly fabricated by the 

method of the present invention. 

[Fig. 19] 

A schenatic view shewing the leading end of a second 
exanple of the synmetrical two-fiber 

polarization-maintaining fiber assembly fabricated by the 
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method of the present invention. 



[Fig.20] 

A schematic view shewing the leading end of a third 

exanple of the synnetrical two-fiber 

polarizatian-maintaining fiber assembly fabricated b7 the 

method of the present invention. 

[Fig.21] 

A schematic view shewing the leading end of a first 

exanple of an asyimetzical two-fiber 

polarization-maintaining fiber asseirbly fabricated by the 

method of the present invention. 

[Fig.22] 

A schenatic view shewing the leading end of a second 

exanple of the asymmetrical two-fiber 

polarizatlon-nBintainlng fiber assembly fabricated by the 

method of the present Invention. 

[Fig.23] 

A schenatic view shewing the leading end of a third 

exanple of the asynrnetrlcal two-fiber 

polarization-maintaining fiber assembly fabricated by the 

method of the present invention. 
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[Fig.24] 



A schanatlc view showing the leading end of a fourth 
exanple of the asymnetrical two-fiber 

polarization-maintaining fiber assenhly fabricated by the 

method of the present invention. 

[Explanation of numerals] 

1 two-fiber ferrule 

2 stainless steel tube 

3 ceramic block 

4A first t hermosetting resin 

4B second thermosetting resin 

10 holder tube 

11 first polarization-nBintaining fiber cable 

11a first polarization-maintaining fiber 

11b cover 

lie first polarization-maintciining fiber leading end 

12 second polarization-maintaining fiber cable 

12a second polarization-iraintaining fiber 

12b cover 

12e second polarization-maintaining fiber 

31 first fiber hole 
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secxxnd fiber hole 



100 

101 . 

lOljn 

103 

104 

105 
200 
201 
202 

203 

204 

205 
300 



clamping jig 

102 fiber cable ckanp 

102m servo motor 

ferrule holder 
tenperature sensor 
heater 

orientation adjusting unit 

microscope 

display 

processor 

motor controller 

heater controller 

two-fiber polarization-maintaining fiber assembly 

fabricating ^paratus 
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[Name of Document] 



Abstract 



[Summary] 

[Object] To fa br ic ate ea si ly a itu It i -f ibe r po lar iz at ion - 
itBintaining fiber assembly. 

[Solving Means] While clamped by a clamping jig 100, 
polarization-maintaining fiber cables 11 and 12 

are autotetic ally oriented with an orient ation 
adjusting unit 200 and then heated by a heat er 
105 for curing thermosetting resins. 

[Selected Figure] Fig. 9 
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